Intelligent Shoe Pad for Gait Therapy by Howard, Adam Joseph & Scanlon, Alexander Daniel
Worcester Polytechnic Institute
Digital WPI
Major Qualifying Projects (All Years) Major Qualifying Projects
June 2014
Intelligent Shoe Pad for Gait Therapy
Adam Joseph Howard
Worcester Polytechnic Institute
Alexander Daniel Scanlon
Worcester Polytechnic Institute
Follow this and additional works at: https://digitalcommons.wpi.edu/mqp-all
This Unrestricted is brought to you for free and open access by the Major Qualifying Projects at Digital WPI. It has been accepted for inclusion in
Major Qualifying Projects (All Years) by an authorized administrator of Digital WPI. For more information, please contact digitalwpi@wpi.edu.
Repository Citation
Howard, A. J., & Scanlon, A. D. (2014). Intelligent Shoe Pad for Gait Therapy. Retrieved from https://digitalcommons.wpi.edu/mqp-
all/2503
1 
 
WORCESTER POLYTECHNIC INSTITUTE 
 
The Intelligent Shoe Pad for 
Gait Correcting Therapy 
 
Major Qualifying Project 2013-2014 
Alex Scanlon and Adam Howard 
Advisors: Mahdi Agheli and Cagdas D. Onal 
4/26/2014 
2 
 
Acknowledgements 
 We would like to thank Professor Agheli and Professor Onal for their inspiration 
and guidance throughout the entirety of this project. Without their help, the project 
would have fallen far short of where it has come. Also, Siamak Faal is well deserving of 
our praise as his suggestions and Matlab help were invaluable to our success. Finally, we 
would like to thank Ming Luo for his assistance throughout our time spent in the soft 
robotics lab. Thank you all for the gift of your time, and willingness to help. 
 
 
 
 
 
 
 
 
 
 
3 
 
Abstract 
A person’s gait is defined as the manner of the legs’ bipedal motion in order to 
achieve forward ambulation. There has been extensive research conducted to measure 
people’s gaits for gait therapy purposes, but most of the measurements need to be 
done periodically in an equipped laboratory. The long-period goal of this project is to 
create a shoe pad with embedded sensitive electronics which can be placed in a shoe to 
measure and store a person’s gait and provide feedback to the physician on what the 
gait of the individual looks like in daily life. Information such as this would be highly 
useful for gait therapy purposes. Choosing silicon as the material for the shoe pad and 
force sensors for data acquisition, a prototype shoe pad was created in this research 
that could measure the weight distribution for the different sections of the foot.  A 
computer program was similarly made to visually depict the force distribution of the 
foot and the gait. It was finally shown that a viable shoe pad as described could indeed 
be made, and utilized to gather data from the person’s gait usable in gait therapy. 
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Introduction 
 The study of how we move as humans, as well as maintaining a healthy gait 
has been a topic of interest for hundreds of years [4]. Gait, or the manner of how one 
walks, runs or sprints, affects everything from good posture to balance and can even 
cause bodily aches. There are numerous factors that impact a person’s gait ranging 
from as simple as the type of shoes that one wears, to the more obscure of simply 
growing older. There are also a wide variety of people that seek gait therapy due to 
an accident or commitment to developing a healthier means of movement. 
Currently, the most prominent way of having your gait diagnosed is to seek 
assistance from an occupational therapist. After a few routine visits, the therapist 
would work with an individual in order to suggest how to improve their gait and 
potentially restore mobility and balance [2].  
 In an endeavor to make gait correction therapy more accessible for everyday 
people, a special shoe pad was designed to assist in identifying and offering 
solutions to fix unhealthy gait. This shoe pad utilizes force sensors to track an 
individual’s weight distribution during ambulation, and to directly relate these 
values to the heavily studied area of healthy weight distribution. The newly 
designed shoe pad seeks to fill a void in which no commercially available gait 
correcting technology exists that can be directly inserted into an average shoe.  
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Project Goal 
 The long-period goal of our project was to create a shoe pad that is able to 
measure the weight distribution of a person to help improve their gait. Weight 
distribution data would then be compared to a “healthy” gait as obtained from our 
background research.  Through these data comparisons, the user of this “intelligent” 
shoe pad will know how to make adjustments to their gait and be better balanced 
overall.  
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Background Research 
 In order to design a functional shoe pad that would appeal to an individual 
interested in improving their gait, devices were reviewed that are already available 
for correcting weight distributions of the foot. The first design that was researched 
is the Paralogg insole pressure measurement system [5]. Similar to the gait 
correcting project’s design, the Paralogg utilizes force sensors built into a shoe pad, 
but instead of being a compact unit, the Paralogg has electronics that strap onto the 
shoe and some that are strapped to the calf of the person [5]. The sensors contained 
within “allow for measurement of static and dynamic values of average and peak 
pressures, average and peak timing values, and overall force lines indicating 
positioning and weight distribution throughout each phase of gait.” The information 
gathered by this device is intended to be used with a therapist though, and cannot 
operate or read results without their guidance [5].  
One of the most important pieces of background information that was 
gathered was a study of the Gait Characteristics and Pressure Distribution for 
Barefoot and Various Heel Height Shoes during Walking, as shown in Table 1 [11]. 
This experiment not only shed light on the well-studied field of gait therapy, but 
provided useful information that conclusively put values to what constitutes an 
“average” and “healthy” gait. The methodology that was conducted had the 
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researchers testing the average of the gait experienced by the individuals doing the 
tests, which led to the proposed idea of the best way to fix an unhealthy gait.  
Table 1: Maximum mean pressures and mean values of weight distribution during walking [11]. 
 
 
 Delving further into the subject of gait correction, a name was put to the 
process that the project sought to accomplish, as well as to see the visualization of 
pressure during a normal step. The process that was being researched is called 
Pedobarography, and is defined as: “the study of pressure fields acting between the 
plantar surface of the foot and a supporting surface [6].” Methods done specifically in 
this manner can be related back to the late 1800’s, where rubber and ink were used 
(instead of force sensors) to record pressures exerted by the foot [6]. Also the time 
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lapse of an average step below in Figure 1 clearly illustrates the progression of pressure 
monitored by modern day technology:  
 
Figure 1: The progression of a natural step over time [7].  
 Another useful study in the area of gait was conducted with 54 healthy men 
and women, with no previous injuries to inhibit “normal” gait [3]. Instead of using 
high-tech electronics to record pressure as a function of time, these researchers 
used ductile aluminum foil in order to record peak pressures on areas of interest in 
the foot [3]. Their results were also what we constitute an “ideal” gait as given in 
Table 2 below: 
11 
 
Table 2: Conclusive results concerning an ideal gait [3]. 
 
 
 Another area in which a significant amount of time was invested into was 
determining what materials were best to use for the project. The first major decision 
was to choose which medium it would be best to construct the shoe pad out of. 
While at first various types of substances were considered, it was concluded that 
silicone would be the best material to use for multiple reasons. The first was the cost 
of the material and the ease in which to mold it into shapes that are desirable. The 
second reason was that it was already a common material used for gait correcting 
insoles. And finally, the nature of silicone to distribute weight, to compress, and in 
general to be more comfortable, helped make the selection process decisive. Equally 
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as important, a sensor was required that could measure a relatively large amount of 
force and at the same time be small enough to snugly fit the shoe pad. Even though 
there are sizeable quantities of small sensors on the market available for sensing 
force, only one maintained the ideal thickness and ability to measure the required 
load of force. This Flexiforce Sensor has the ability to measure up to 100 pounds, has 
a sensing area of .375 inches, and costs fewer than 120 dollars for eight [1]. It also 
can be integrated into an electrical circuit without much effort, and because it acts 
as a variable resistor (the resistance goes down with more force applied to it), it can 
process forces in real-time. 
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Procedure 
 The first area that demanded attention in creating a shoe pad for gait therapy 
purposes was conceptualizing the design and its limitations. From the background 
research, the shoe pad needed to be made of silicone, and it had definite size 
constraints. A size ten and a half shoe was selected to emulate the shoe pad concept 
after, as it represented an average male shoe size [10]. Thickness of the pad was also 
a concern, as it should possess the ability to slip into a regular shoe for at-home use. 
Originally the show pad was constructed to be .75” thick, as it left just enough room 
for a gyroscope, battery, microcontroller, force sensors and onboard memory. The 
Medial Arch area of the foot was also selected as the site where the electronics 
would reside, as it experienced the least amount of forces on it during normal gait 
[11]. As an added precaution, a cutout area of the silicone was designed that could 
house the electronics inside of a protective casing. A model was then constructed 
with the assistance of Creo and with the design specifications kept in mind shown in 
Figure 2. 
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Figure 2: The original shoe pad design, created in Creo. 
 Eight Flexiforce Sensors were used to test their compatibility with the gait 
correcting shoe pad. A single sensor was wired into a DAQbox (Data Acquisition 
Box) to assure that they were responding accordingly to forces applied to them. 
After a few tests with different weights, it was clear to discern that the Flexiforce 
Sensor could not measure up to 100 pounds on its own. It instead needed an 
external resistor that was wired into it in order to experience the right amount of 
sensitivity and range of voltages corresponding to applied forces. Content that the 
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chosen sensor was responding to forces of any value, it was decided to try and 
deduce a method in which to select the right resistor and calibrate the Flexiforce 
Sensors. 
 The next step in designing the force sensing shoe pad was having the mold 3D 
printed by a Dimension SST 1200ES Rapid Prototype Machine. This process yielded 
a physical cast in which a two-part silicone mix could be poured into, that would 
constitute the first design of our pad. Once printed, Dragon Skin silicone made by 
Smooth-On Inc. was mixed with two equal parts, and dispensed into the mold to let 
dry and cure. After a curing period of 24 hours, the shoe pad was ready to be taken 
out of the mold and experimented with as can be seen in Figure 3. 
 
Figure 3: The silicone shoe pad with sensors in place. 
 The next problem that was encountered for the project was how to select the 
best resistor for the sensitive application, and how to interface the circuit with the 
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computer. For the former issue, it was hypothesized that the best course of action 
would be to try various resistors and to document their ranges and sensitivities. In 
practice though, this turned out to be a lot more tedious than expected. Some of the 
resistors that were originally chosen would either not allow a maximum and 
minimum output voltage that had enough difference between them, or the resistor 
caused the circuit to simply spike to the maximum output voltage given the slightest 
amount of weight on the force sensor. In the end, Figure 4 below was created using 
the equation       
             
                  
 to find the range of output voltages as the 
resistance of the sensor went from large to small. This graphical representation 
helped to determine that a 500KΩ resistor would give the most range, and best 
sensitivity out of the available resistors. When it then came to interfacing the sensor 
with a computer so that voltages could seamlessly be converted to forces, utilizing a 
DAQbox wired up to the circuit seemed like the best option for data collection. Once 
connected in this manner, a simple Matlab code was written that projected the 
voltages on graphs as a primary step towards determining applied forces.  
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Figure 4: The graph created to determine the best resistor for the application. 
 From the previous test with the force sensors, it was understood that a way to 
concentrate the forces on the Flexiforce Sensors was necessary for accurate force 
readings. To do this, laser-cut acrylic pucks were employed that were slightly 
smaller than the diameter of the sensor’s sensing area. These pucks were then 
secured to the sensors with the use of tape to keep them in place. Additional testing 
of the Flexiforce Sensors brought about the realization that the pucks enabled all 
concentrated forces to be better “felt” by the sensors, which were experiencing 
difficulty earlier because of being so thin. Due to this breakthrough, it was 
recognized that calibration of the sensors to determine their level of precision was 
now possible and the assembled circuit can be viewed in Figure 5. 
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Figure 5: The working circuit with sensors embedded. 
 
 The initial tests that were conducted in order to calibrate made use of the 
sensors, the DAQbox, optimal resistors, and a computer in order to determine the 
sensors’ degree of exactness. While it was quite simple to stack small weights on top 
of the tiny area that made up the Flexiforce Sensor, it was soon concluded that it 
would be impossible to balance 100 pounds worth of material on top of the sensor 
and still remain precise. To remedy the situation, it was proposed that since force is 
distributed equally through points of contact, a device made out of acrylic could be 
specifically used for the calibration of the Flexiforce sensors. This device (Figure 6) 
was then made with the laser-cutter, with the ability to house all eight sensors 
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spaced at equal distances, should it be decided to calibrate them all at once. Instead, 
four sensors were inserted at cardinal directions in order to calibrate up to 25 
pounds per sensor and to see how well the device performed. Unfortunately, after 
more than a few tests, it was quickly realized that the orientation in which one 
stacks objects on top of the testing device determined how much force would be 
experienced by each sensor. On top of that, balance of the weights themselves again 
became a very prominent issue when 400 pounds would be needed for the 
calibration device to make the four force sensors each feel 100 pounds. Now it was 
confirmed that a different method of calibration would be needed in order to 
calibrate with a level of accuracy that could promote gait correction. 
 
Figure 6: The functional acrylic calibration device. 
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 While the idea of how to properly calibrate was again being mulled over, it 
was similarly realized that changes had to be made to the shoe pad prototype. Even 
though the thickness of the original version of the pad was justified with the need to 
house the sensitive electronics, the fact of the matter was that .75” is too thick to 
viably fit inside an average shoe. Further improvements could also be made on the 
inside of the pad, and divots the specific dimension of the Flexiforce Sensors were 
added in, as well as channels to house the wires in the circuit. The shoe pad was 
trimmed down from .75” thick to .35” inches, and a top slab of silicone was 
developed to sandwich in the force sensors and electronics. This secondary piece of 
silicone brought the new shoe pad thickness to .475”, which was significantly less 
bulky than the first model. Once the new demand for a better shoe pad was 
identified, a model of the mold was again remade in Creo (Figure 7 and 8) and sent 
to be printed by the 3D printer. Due to size limitations of the printer, the model was 
broken into two pieces to later be recombined through the use of steel pins. 
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Figure 7: The top half of the new shoe pad design. 
 
Figure 8: The bottom half of the new shoe pad design. 
 Now that there was a more practical version of the shoe pad mold printed 
out, again two-part silicone was mixed and used to create a physical pad to be 
tested. Once assembled, the complete circuit was wired into the shoe pad (using the 
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force sensors, DAQbox and computer) and the pad was ready to again to face the 
problem of calibration that had caused difficulty all along. Instead of attempting to 
balance non-uniform weights on top of the pad, math derivations solved the 
problem behind relating voltage to force. Thankfully, the Flexiforce Manual provided 
a graph of Force vs. Resistance (Figure 9) that held true for the application of weight 
on the sensor, and its response in terms of resistance. From this graph a best fit line 
was gleaned which assisted in arriving at the equation shown in Appendix B to 
relate voltage outputs measured by the DAQbox to actual forces. It was then a short 
period of time before the Matlab code was updated to the final version (Appendix 
A), that now showed eight real-time graphs of forces that were applied to the 
Flexiforce Sensors.  
 
 
Figure 9: The Force vs. Resistance graph provided by the Flexiforce Sensor Manual [1]. 
23 
 
 With the shoe pad and Matlab code both updated to a standard that was 
satisfactory, it was time to make some final changes and to test that it was 
accurately recording data. In order for the sensors to be locked into place and to 
prevent them unnecessarily moving around, superglue was used to cement the force 
sensors securely in the divots planned for their locations. With the sensors thus in 
place, the final version of the shoe pad (Figure 10) was activated and the output 
forces were compared to the actual weights of the objects placed on top. Finding 
that the measured weights directly correlated to the actual weights of the objects, 
our project team members then proceeded to step on the shoe pad to witness the 
weight distribution that occurred. In order confirm the precision of our tests, one 
team member would stand on the pad with one of their feet, and the other foot was 
placed on a wooden block of equal height to maintain natural stance integrity. They 
then compared their standing weight distributions from that of our background 
research to ascertain whether the distributions made sense.  In fact, the margin of 
error that was returned fell within the range of ten percent that we had originally 
predicted. It was now plain to see from the graphs and comparison to the 
background information that gait could be successfully determined by utilizing this 
shoe pad inside of an average shoe.  
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Figure 10: The completed shoe pad for gait therapy. 
 
Results and Discussion 
The rational for the creation of the gait correcting shoe pad came from the well-
researched area of what exactly establishes a “healthy” or “normal” gait [11]. From the 
background research, it was discovered that there are eight zones of interest making up 
the sections of the foot as can be seen in Figure 11. Specifically, they are the Great Toe, 
the Little Toes, The Medial Metatarsal, the Central Metatarsals, the Lateral Metatarsal, 
the Medial Arch, the Lateral Arch and the Heel [9]. Through the numerous studies done 
on this topic, it enabled a discovery of the percentage of weight distribution that 
establishes a “normal” gait for an average person [11]. Similarly, with this data, it was 
recognized that the heel experiences the most weight percentage during walking, and 
the Medial Arch experiencing the least [11]. The fact that the Medial Arch has the least 
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amount of weight distribution led to the design choice to put the sensitive electronics in 
that location. This was specifically decided in that manner because it would risk the least 
amount of damage to the electronics, during normal operation of the shoe pad. As for 
the other important areas of the foot, force sensors were put in each location in order 
to better establish the balance of the individual using the shoe pad. Two sensors were 
placed at the location of the heel in order to compare weight distributions against one 
another.  
 
Figure 11: The ideal weight distribution during the “healthy” gait of walking [9].  
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Once a suitable resistor was tested and determined to fit the application, it was 
became necessary to correlate the output voltages into forces to identify what the 
Flexiforce Sensors were detecting. The equation that does this was derived from Ohm’s 
Law, (as well as the best fit line shown in Figure 12 of a graph from the Flexiforce 
Manual) and was found to be              (
     
         
)        
      . With this 
equation entered into the Matlab program, the computer measures output voltages 
from the electrical circuit, and then shows the corresponding forces on the eight 
separate graphs. The calculated forces that each sensor experiences could now be 
related to the background research or smoothly converted into a percentage to 
ascertain how an individual’s gait compares to where it should be.  
 
Figure 12: The best fit line created from the Flexiforce Sensor Manual’s graph. 
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After successful assembly of a working shoe pad for gait correction therapy, 
useful information was extrapolated from the overall results. The results were namely 
the ability to put pressure on certain areas of the pad, and in turn, to receive accurate 
graphical responses from the Matlab code. Through this real-time data collection of 
voltages and resistances from the force sensors, forces that were calculated by Matlab 
could be compared to the actual weight of an object being placed on the shoe pad. After 
recognizing that the shoe pad can determine forces based on their relationship to both 
voltage and resistance, it was a correct assumption in that it would be possible to help 
foster a healthy gait in using this particular method of calibration. On top of that, the 
readings from the Matlab code are very simple to make sense out of, when paired with 
the corresponding ranges of “normal” gait as revealed by the background research into 
gait therapy. It is easy to see in how the code depicts each sensor in a different graph in 
Figure 13, and how an individual interested in making using of the shoe pad could get a 
better understanding of their natural gait.     
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Figure 13: Eight independent graphs showing the forces experienced by the force sensors in real time. 
 In order to create a device capable of providing information about a person’s 
gait, it was essential to assure the validity of the results. To do this, scholastic textbooks 
with known weights were taken and placed on top of the shoe pad for testing. 
Textbooks were chosen because of their rectangular and roughly foot like shape, and 
how easily they could be stacked on top of one another for additional weight. After a 
few tests with incremental weight increases, it was determined that the shoe pad can 
measure the weight distributions of these objects with a limited margin of error. This 
margin of error can be explained due to voltage loss in the circuit, and inaccuracies 
while determining the best fit line of the Force vs. Resistance graph from the force 
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sensor manual. In order to have a more precise allowable range of ten percent for each 
different weight section of the foot, the shoe pad’s circuit would need a resistor with 
one percent or less degree of error, and solid connections (instead of a breadboard) 
would limit voltage loss. This level of meticulousness would definitely be needed in the 
real life application of attempting to correct a person’s gait. If the shoe pad were to be 
released with a large margin for error, gait could be further complicated instead of 
mended, and accidents involving balance could be experienced.  
 After observing the responses and potential of the “intelligent” shoe pad, one 
can effortlessly correlate how beneficial this device would be. Instead of needing to go 
to an occupational therapist after an accident, or simply having an interest to improve 
your balance, this shoe pad allows the individual to glean information about their step 
while naturally moving. While some therapists use a specially designed “boot” in order 
to diagnose a person’s gait, this could inadvertently cause them to walk in a manner 
they are not used to. With the relatively thin technology we employed and the comfort 
that silicone itself has to offer, our therapeutic shoe pad attempts to be as noninvasive 
as possible into a person’s daily routine. Especially among the elderly, where they have 
used the same gait for years, having their gait corrected early on could prevent an 
accident due to being unbalanced [8]. With the curvature of the spine as everyone 
grows older, one’s center of balance is no longer in the same position. So it would only 
make sense to attempt to remedy a scenario that invites being another costly statistic of 
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the numerous elderly people who have dangerous falls every day as shown in Figure 14. 
In addition, since everything would be already coded into the onboard microcontroller, 
there wouldn’t be any reason to make it overly complex to understand or operate. One 
could literally make sure that the shoe pad was on, put it in their shoe, and go about 
their day. The shoe pad would be reusable as well, and alleviate the need for frequent 
returns to a therapist to have gait corrected.  
 
Figure 14: The Age Group vs. Costs in Millions of Dollars showing the cost of injuries related to falling [8]. 
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Implications and Further Research 
 Despite the final design for the gait correcting shoe pad serving to prove that a 
model can be created in order to assist in fixing gait, there are some future 
improvements that are worthwhile in the spirit of optimization. To start with, one of the 
major problems that was encountered dealt with calibration of the Flexiforce Sensors. 
While at first glance this might seem like an easy feat, numerous calibration methods 
proved that it is quite difficult to calibrate (in a traditional sense) a miniscule force 
sensor up to 100 pounds. This problem was additionally complicated with the sensing 
area of the force sensor being 0.375” in diameter. After failing to accurately calibrate 
with the acrylic made device, it was certain that a rig would need to be specifically 
created in order to determine voltage outputs from a Flexiforce Sensor incrementally 
loaded up to 100 pounds. This rig would notably include two spaced apart poles 
extruded perpendicular from a fixed base. The sensor would then be loaded in between 
the poles, with an acrylic puck on either side as in our calibration attempts. From here, a 
32 
 
material such as wood would need to be fitted to slide up and down the two poles, 
presumably by drilling holes on either end of this “shelf”. Special attention would need 
to be given towards not creating too large of a hole in order to avoid transferring any 
weight to the support poles. Once constructed and leveled in such a manner, weight 
could be accurately concentrated on the small area that constitutes the sensor. 
Calibrating this way would allow for less of an error margin whilst trying to determine 
the amount of force applied to each zone of interest in the shoe pad. Similarly, the 
objects of incremental weight being loaded onto the force sensor would no longer have 
to contend with being physically balanced on top. The size of the objects loaded this 
way would only be hindered by the scale of the testing device. 
 A second improvement that could be made to the shoe pad is designing it to run 
independently of a computer. Due to hardware and size limitations it was too difficult to 
achieve this goal, it would nonetheless make a very worthwhile endeavor for both being 
consumer friendly and to improve marketability. For this to be possible and to obtain 
data recordings matching that of the project, the shoe pad would require an onboard 
battery, microcontroller, digital memory, and wireless/USB capabilities. When first 
originally trying to select these materials for the shoe pad, it was quickly apparent that 
height (and to a lesser extent, length) were constraints to what could be fit inside 
without the shoe pad being too bulky. Ideally, the electronics would be created for the 
shoe pad in specific, as they could be combined together and created being conscious of 
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dimensional regulations. To mimic the function of the computer and circuit, the 
onboard battery would need to provide five volts to each of the eight sensors, as well as 
powering the other electronics. It would be useful if that battery was also somewhat 
resistant to vertical pressure, and maintain being rechargeable. Running off of this 
power source would be the microcontroller, which would need to be already loaded 
with code to translate the output voltages into useful information. It is worth noting too 
that the microcontroller would need enough ports to accept the other electronics 
operating within the pad itself. This was an issue that was encountered while originally 
selecting a microcontroller, as the larger number of ports increases the size of the chip, 
as did the option to add in memory for the storage of relevant data. Another feature 
that would provide either instant or average gait therapy is making the microcontroller 
able to interface with a smart phone or computer. That way, through using wireless or 
USB technologies, the suggestions for improving gait could be accessible without being 
constantly tethered to a stationary computer.  
 Another change to consider for future work on the shoe pad is making the user 
interface more accessible. In its current state, the Matlab code shows the relationship of 
force vs. time on eight independent graphs taking real time data from the sensors. 
Unless an individual had the background research in which to base a “healthy” gait off 
of, the forces gleaned from our code seem out of place. Instead of just forces, an 
improvement would be taking the average of both forces and the percentage of weight 
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distribution at each sensor. With accessibility in mind, it may also be worthwhile to set 
an allowable color-coded margin that establishes a “healthy” and “unhealthy” gait. For 
example, if an individual were in the allowable range of normal gait, the particular zone 
associated with that section of the foot would be mapped as green. Likewise, viewing 
the data after a number of steps would produce red areas for zones that do not have 
correct gaits, and perhaps yellow for almost being at the right distribution. To help 
foster a more balanced gait, the shoe pad could even include a wireless link to a 
bracelet that would show color patterns to determine which zones need more weight as 
you move. The user could then return to their computer afterward and extract the data 
to see both forces and percentage distributions during their state of motion. 
 As a final future improvement to the project, it is worthwhile to realize that gait is 
different between genders, how much a person weighs, the terrain (and slope), and 
whether they are walking or running. If the shoe pad’s code was able to have specified 
background data on the user before it determined their most ideal gait, then it would be 
much more effective at providing valuable feedback. Paired with this information, an 
accelerometer, and a gyroscope would bridge the gap between a “healthy” gait while 
walking on a flat expanse versus a “healthy” gait running uphill. Making these changes 
would allow the shoe pad to be more versatile for all-the-time wear, and could even 
open up an appeal to athletes trying to maintain good balance. The possibilities become 
endless when one considers that the shoe pad can be further programmed to suit the 
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particular need of the consumer. Considering the athlete again, clearly their means of 
movement in a basketball game would be quite different from those of a person who 
wants to be more balanced in everyday life. If the shoe pad were to be fitted with a 
program intended on helping this basketball player, it could assist them in routine 
practices on how not to overexert in any particular section of the foot, and avoid injuries 
prematurely.  
Conclusion 
 The purpose of this project was to explore the potential of creating a consumer 
accessible shoe pad with the ability to recognize and provide useful information for gait 
therapy. Specifically, a silicone molding process was utilized to design an 
interchangeable shoe pad that converts pressures on force sensors into data about an 
individual’s weight distribution. The current model of the shoe pad interfaces with a 
stationary computer (as opposed to an onboard microcontroller) employing the 
connection of an electrical circuit and DAQbox to project through Matlab graphs 
displaying forces. By analyzing the output forces and comparing them to the background 
research, it is then made possible to accurately suggest how to correct an individual’s 
gait. While at the time it was not possible to make a shoe pad that is readily 
commercially available, the proof of concept model accurately measures the force 
distributions during normal gait, and with slight modifications could fulfill the project’s 
long-term goal.  
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Though given the size constraints and hardware limitations that were presented, 
it is quite possible as a future exploration to make the shoe pad into a single unit. This 
compact device would then be capable of being independent of a DAQbox and 
stationary computer. Only at this point would the device become ready for potential 
sales and viability as a method to improve gait. Once a person can put the shoe pad in 
their shoe and go for an extended walk at their normal gait, the precision of the 
feedback would be more relevant than simply a few steps. While the technology exists 
to allow for the shoe pad to house all of the electronics, the best way to preserve space 
and keep the shoe pad thin would be to construct these electronics for this specific 
application. That way, an individual’s foot being cramped inside their shoe, with the 
shoe pad inserted, doesn’t become an issue. Since the shoe pad is made from a soft 
silicone, it should be an easy transition from a standard shoe pad to the gait correcting 
pad, based on how comfortable the material is. From that point, it would only be a 
matter of steps before the shoe pad is actively attempting to correct their normal gait. 
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Appendices 
Appendix A: The Matlab Code 
 
clear all; 
close all; 
clc; 
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ai = analoginput('nidaq','Dev1'); 
ch = addchannel(ai,0:7); 
 
ai.InputType = 'Differential'; 
ai.SampleRate = 10000; 
ai.SamplesPerTrigger = 10000; 
 
data = zeros(8,1000); 
 
while(1) 
     
    data(:,1:end-1) = data(:,2:end); 
    data(:,end) = getsample(ai)'; 
    FR   = zeros(8,1); 
    for i=1:8 
        %FR(i,:)=7816.8*((500/(5- data(i,end)))*data(i,end))^(-1.055); 
        if data(i,end)>=5 
            FR(i,:)=0; 
        else 
        FR(i,:)=7816.8*((500/(5- data(i,end)))*data(i,end))^(-1.055); 
        end 
    end 
    data(:,end)=FR(:,1) 
     
    for i=1:8 
        subplot(4,2,i) 
        plot(data(i,:)); 
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        grid on 
    end 
    pause(.1) 
end 
 
 
 
 
 
 
Appendix B: Mathematical Derivations 
1.       
2.     
   
                  
 
3.                
4. Combining 2 & 3:      
   
                  
           
5.                                           
6.                                                  
7.                                        
8.          
                
         
 
9. Best fit line of Flexiforce manual graph,  F =                 
10.            
                
         
        
